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(57)Abstract: 



PURPOSE: To furthermore improve an analog gradation characteristic of a liquid crystal 
element, to realize a liquid crystal display element of a large area at a low cost, to make it 
possible to drive the liquid crystal element at a full-color video rate and to similarly manifest 
the gradation characteristic even if the element does not have fine regions of different 
threshold voltages at the time of combining respective driving systems. 
CONSTITUTION: This liquid crystal element is constituted by arranging a pair of substrates 
1a, 1b provided with transparent electrodes 2a, 2b and oriented films 3a, 3b in this order so as 
to face each other apart a prescribed spacing and injecting ferrorelectric liquid crystals 5 into 
the spacing therebetween. This driving method comprises driving the liquid crystal element in 
which regions of different threshold voltages for switching the liquid crystals 5 are finely 
distributed, by a pulse voltage and/or pulse width modulation system, pixel electrode division 
system or time integrating system. 
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Japanese Publication for Laid-Open Patent Application 
No. 152017/1995 (Tokukaihei 7-152017) 

A. Relevance of the Above-identified Publication 

This publication has relevance to claims 1 , 7, 15, 
18 through 20 of the present invention. 

B. Translation of the Relevant Passages of the 
Publication 

[ABSTRACT] 

See English translation attached herewith. 
[CLAIMS] 

1. A method for driving a liquid crystal element, 
comprising the step of : 

in driving, by matrix driving, a liquid crystal 
element that is composed of a pair of substrate with 
liquid crystal provided therebetween, in which regions of 
different threshold voltages for switching the liquid 
crystal are finely distributed, 

applying to a data electrode a data signal whose 
pulse voltage or a pulse width, or the both are modulated 
according to a gray level of a pixel, in synchronization 
with application of an addressing signal to a scanning 
electrode . 
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2. A method for driving a liquid crystal element, 
comprising the step of: 

upon driving, by matrix driving, said liquid crystal 
element as set forth in claim 1, 

dividing said data electrode constituting one pixel 
into a plurality of parts of different areas, and 
applying a combination of data signals according to a 
gray level of a pixel, to the plurality of divided data 
electrode parts, in synchronization with application of 
an addressing signal to a scanning electrode. 

3. A method for driving a liquid crystal element, 
comprising the step of: 

upon driving, by matrix driving, said liquid crystal 
element as set forth in claim 1, 

repeating line addressing a plurality of times per 
one pixel in one frame or in one field, according to a 
gray level of a pixel . 

4. A method for driving a liquid crystal element, 
wherein said method as set forth in claim 2 and said 
method as set forth in claim 3 are combined. 

5. The method as set forth in claim 4, wherein, the 
number of divisions of said data electrode constituting 



- 3 - 

one pixel is given as n and the number of times of line 
addressing per one pixel in one frame or in one field is 
given as m, and a ratio of areas of the divisions of said 
data electrode is set to: 

1: (m+1) : . . . : (m+l) 11 " 2 : (m+l) 11 " 1 

6. A method for driving a liquid crystal element, 
wherein said method as set forth in claim 1 and said 
method as set forth in claim 3 are combined. 

7. The method as set forth in claim 6, wherein, with 
a maximum integer n that satisfies that a number of 
linear gray levels of one pixel is not less than (m+l) 11 " 1 *! 
or that the number of non- linear gray levels of one pixel 
is not less than n+1, as well as with a number of times 
m of line addressing per one pixel in one frame or one 
field, a transmissivity ratio of one pixel is set to: 

1: (m+1) : ' . . . : (m+l) n ' 2 : (m+l) n_1 

[...] 

[0042] 

Furthermore, the present invention provides a method 
for driving a liquid crystal element by combining the 
aforementioned driving methods in accordance with the 
present invention. When this driving method with a 
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combination of the driving methods is applied, a 
structure of the aforementioned star light texture is 
preferable, but use of the same is not necessarily a 
requisition to obtain gray levels. 
[0043] 

More specifically, proposed is a gray-scale driving 
method using, as a combination of the driving method, a 
combination of the foregoing area gray-scale method in 
which the data electrode is divided and the 
aforementioned time integration gray- scale method. 
[0044] 

In the case of the foregoing gray- scale driving 
method, in the case where the number of divisions of said 
data electrode constituting one pixel is given as n and 
the number of times of line addressing per one pixel in 
one frame or in one field is given as m, a ratio of areas 
of the divisions of said data electrode is preferably set 
to: 

1: (m+1) : . . . : (m+l) n " 2 : (m+l) 11 " 1 
[0045] 

Furthermore, another driving method proposed is a 
gray- scale driving method in which the aforementioned in- 
pixel gray level that is obtained by applying a pulse 
voltage corresponding to a gray level of a pixel or a 
data signal obtained by modulating a pulse width in 
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synchronization with application of an addressing signal 
to scanning electrodes and the aforementioned time 
integration gray-scale driving are combined. 
[0046] 

In the foregoing driving method, by combining with 
a maximum integer n that satisfies that a number of 
linear gray levels of one pixel is not less than (m+l) n_1 +l 
or that the number of non- linear gray levels of one pixel 
is not less than n+1, and a number of times m of line 
addressing per one pixel in one frame or one field, a 
transmissivity ratio of one pixel is, for more surely 
obtaining gray levels, preferably set to: 

1: (m+1) : . . . : (m+l) n ' 2 : (m+l) 11 ' 1 
[0047] 

Another driving method proposed is a gray- scale 
driving method in which combined are the aforementioned 
in-pixel gray level that is obtained by applying a pulse 
voltage corresponding to a gray level of a pixel and/or 
a data signal obtained by modulating a pulse width in 
synchronization with application of an addressing signal 
to scanning electrodes and the aforementioned area gray- 
scale driving in which a gray level is obtained by 
applying a pulse voltage to a combination of data 
electrodes corresponding to a gray level of a pixel in 
synchronization with application of the addressing signal 
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by changing the area ratio of a data electrode 
constituting the pixel. 
[0048] 

In this case, from the viewpoint of improvement of 
gray level exhibition, it is preferable to set the area 
ratio of the divisions of the data electrode to 
1:1: . . . . :l n ~ 2 :l n "\ by combining the number, 1, of the gray 
level of one pixel according to a modulated data signal 
and the number n of divisions of data electrodes 
constituting one pixel. 
[0049] 

Still another driving method proposed is a gray- 
scale driving method in which combined are (i) the 
aforementioned in-pixel gray level that is obtained by 
applying a pulse voltage corresponding to a gray level of 
a pixel and/or a data signal obtained by modulating a 
pulse width in synchronization with application of an 
addressing signal to scanning electrodes, (ii) the 
aforementioned time integration gray-scale driving, and 
(iii) the aforementioned area gray-scale driving in which 
a gray level is obtained by applying a pulse voltage to 
a combination of data electrodes corresponding to a gray 
level of a pixel in synchronization with application of 
the addressing signal by changing the area ratio of a 
data electrode constituting the pixel. 



[0050] 

In the foregoing driving method, by combining with 
a maximum integer n that satisfies that a number of 
linear gray levels of one pixel that is obtained by 
combining a modulated data signal and division of the 
data electrode constituting one pixel is not less than 
(m+l) n_1 +l or that the number of non-linear gray levels of 
one pixel is not less than n+1, and a number of times m 
of line addressing per one pixel in one frame or one 
field, a transmissivity ratio of one pixel is preferably 
set to: 

1: (m+1) : . . . : (m+l) n " 2 : (m+l) n_1 
[0051] 

Furthermore, in the present invention, full -color 
display can be executed by combination of the color 
filters or the color integration method with any one of 
the foregoing driving methods . 
[0052] 

More specifically, by combining color filters R, G, 
and B with pixels of a passive matrix liquid crystal 
display driven by the foregoing method, or by switching 
backlights of each color (R, G, B) at least once in one 
frame or in one field with respect to a passive matrix 
liquid crystal display (without color filters) driven by 
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the foregoing method, gray levels corresponding to 
respective colors can be selected. 
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